The present paper deals with some of those highlighting biochemical capabilities, that lay foundation to exploit the organism 'caldicellulosiruptor saccharolyticus' emphasizing for finding substitutes for fossil fuels as the organism bears all hallmarks of being adopted as a 'future biofuel producer'. Belonging to the genus 'Caldicellulosiruptor', it is one of the most well studied thermophilic bacterium that possess unique biological chemistry in fermenting substrates very easily with its efficient metabolism.
A biofuel is a fuel from the biological source using agriculture and bacterial strains. The primary source is the photosynthesis leading to the formation of carbohydrates and carbon manifestation leading to fuel in different forms such as solid, liquid and gas forms. The three forms of biofuels are derived such as perennial crops, sugar cane and corn strach 1, 2 . Biofuels are often classified as first, second and third generation biofuels (Table 1) .
First generation biofuels utilize food crops as feed stock for biofuel production, while second generation biofuels utilize non-food biomass. Third generation biofuels use algae and microbes as fuel source materials 3 . Biofuels are getting significiant attention, worldwide due to the depletion of fossil fuels and concerns regarding climate change. They are recognized for their potential role in reducing green house gas (GHG) emissions and providing energy security (Fig 1) . The production of biofuels are not at all recommended. It is expensive to convert raw materials of food crops in to fuels; due to food crisis in many countries. Therefore, the scientists have turned their attention in employing the microbes in biofuel production, with an expectation that that may be the future biofuel producers.
Speciality of genus "Caldicellulosiruptor"
The organism belonging to genus 'Caldicellulosiruptor' are gram positive, thermophilic, anaerobic, cellulolytic and with low G+C content. They are known to possess extreme capability in degrading the plant biomass and also carbohydrates that are complex in nature. The bacteria belonging to the genus has a speciality due to their thermophilic nature. Among the genus, Caldicellulosiruptor saccharolyticus is known to contain 94.4 to 96.6 % rRNA identity, eith different metabolic approach in degrading the complex substrates in their environment 4 , promoting itself as plant-biomass degrading genus for biofuel production.
Ideal characteristics of biofuel producer -"Caldicellulosiruptor saccharolyticus"
Since the members of this genus possess certain interesting characteristics, providing a scope for biofuel productions in the future. Therefore this particular organism is of worth study.
The capabilities possessed by the organism, that makes it ideal for a set industrial application with a ray of hope on biofuel production.
Interspecies interaction of "caldicellulosiruptor saccharolyticus" boosting product yield
Distinct microbial populations in the environment of natural resources like air, water, soil interact in a wide range with beneficial and mutualistic effects.
Communities of different microbial populations can be built for tuning the metabolic constitution carefully for targeting new functiuons and also for the study of different interactions 5 . T h e e x t r e m e t h e r m o p h i l e s 'Caldicellulosiruptor saccharolytcus' DSM 8903 and 'Caldicellulosiruptor kristjanssoni' DSM 12137 when combined in a co=culture, the cell free growth supernatant of C.saccharolyticus enhanced the growth of C.kristjanssoni in batch culture.
Therefore, stable co-existance of two organisms can be regarded as the feature of an ideal biofuel producer in the future 6 .
Broad Spectrum Substrate Range
Coutilization of hexoses and pentoses derived from lignocellulose is an attractive trait in microorganisms considered for consolidated biomass processing to biofuels. Hexoses and pentose sugars degradation by microbes can be considered for biofuel processing 7 . In the process of biofuel production, the tough polysaccharides are deconstructed in to simple sugars by various techniques 8 . Efficient degradation will definitely lead to attractive fuels 9 . For this reason, there is a great desire in identifying the microbes that are efficient in carbohydrate degradation in to simple sugars 10 .
In the environment, microbial survival can be based on the capacity to utilize a variety of available carbohydrates as carbon and energy sources 11 . The issue was examined for the extremely thermophilic bacterium C.saccharolyticus growing re is a great desire in identifying the microbes that are efficient in carbohydrate degradation in to simple sugars 10 . on individual monosaccharides (arabinose, 12 . C.saccharolyticus monosaccharide cofermentation shows the xylose usage is much greater than glucose 13 .Its capacity to coutilize other sugars and the extent of utilization of indivir biofuel productiondual sugars present in the mixture of pentoses and hexoses is analysed (Fig.  2) .Therefore, C.saccharolyticus can metabolize a number of monosaccharides simultaneously without exhibiting carbon catabolite repression Special Domain Proteins Members of extremely thermophilic genus 'caldicellulosiruptor' have potential as consolidated bioprocessing (CBP) microorganisms because of their capacity to convert plant-based polysaccharides directly in to a biofuel in a growth associated manner 14 Caldicellulosiruptor saccharolyticus has 11S-layer homology (SLH) domain proteins, presumably to enable binding to the S-layer. SLH domains 50 to 60 aminoacids (aa) long have been identified at the amino-terminal region of S-layer proteins and at the carboxyterminal end of cell associated extracellular enzymes 15 .S-layer motifs specially recognize pyruvylated secondary cell wall polymers (SWCPS) as the anchoring structure 16 . Two SLH domain containing proteins Csac_0678 and Csac_2722 are present. The Csac_0678 gene encodes a glycosidase hydrolase (GH) family 5 catalytc domain 17 . This protein associates with the S-layer and may play a specific role in utilization of insoluble substrates by C.saccharolyticus.
Csac_2722 represents the largest ORF in the Caldicellulosiruptor saccharolyticus genome, comprised of 2,593 aminoacids. It has no discernible catalytic domains but does contain two big 4 domains arranged in tandom with two galactose-binding domain-like domains (GDB), one adherin -like domain and three SLH domains. Cadherin like domains appeared to contribute to protein-protein interactions and carbohydrate binding 18 .The two proteins have the capacity and contribute much to the deconstruction of plant biomass (Fig3) .
Proteomic analysis of caldicellulosiruptor saccharolyticus shows the existence of proteins related to mobility such as flagella and chemotaxis. Other proteins found are the alcohol dehydrogenases (ADH), hydrogenases, 3 cellulose-binding module (CBM 3), and fibronectic -binding A domain. CBMs play a role in maintaining proximity between the active site and substrate surface, as well as in modifying the electronic structure of cellulose to promote hydrolysis 19 .
U n i q u e A d a p t a b i l i t y t o a Va r i e t y o f Environmental Conditions
C.saccharolyticus was isolated from a piece of wood in a hot-spring in Rotorua-Taupo thermal area in New Zealand, of which the waters have neutral P H and are low in sulphate, salt content and free sugars 20 ,with majority of being glucose and xylose contained in complex (hemi) cellulose polymers, which are difficult to access. C.saccharolyricus is well adopted to the selective pressure of this habitat through the production of various hydrolyzing enzymes, possession of a wide range of high-affinity transport systems and absence of glucose-based catabolite repression. Genomic analysis throws light over the high number of transposons and transposable derivatives the C.saccharolyticus possess as compared with other organism 21. Since transposition increases the chance of genetic alterations, enhancing the adaptability of this organism .
'Tapirins' Mediating Cellulose Adherence
It has been established for some time that non-catalytic, biomolecular contributions are critical to the degradation of crystalline cellulose 22 . Bioinformatics and Proteomic analysis identified structurally unique, discrete, hypothetical proteins called 'tapirins' (Origin from Maori : to join), not directly associated with cellulases, that mediate attachment to cellulose by species in the noncellulosomal, extremely thermophilic bacterium Caldicellulosiruptor saccharolyticus 23 . Two tapirin genes are located directly downstream of a type IV pilus operon in strongly cellulolytic members of genus caldicellulosiruptor.. Based on aminoacid sequence homology, the tapirins are unique proteins currently only found in the genus caldicellulosiruptor 23 .Overall, the tapirins significantly establish a new paradigm by which lignocellulose degrading microbes can attach to plant biomass.
D o m i n a n c e o f T h e r m o p h i l e s a m o n g Extremophiles in Biofuel Production
Extremophiles refer to organisms mostly prokaryotic, which thrive in environmental conditions considered to be hostile to humans. The parameters which contribute towards the extreme conditions include temperature, P H , salinity, pressure, radiation, light, and water content.
Many steps in biofuel production involve high temperatures and extremes of P H , therefore extremophiles are ideal candidates to replace the mesophilic organisms used in traditional methods. The current market for biofuels rely on the use of substrates like lignocellulosic biomass whose conversion to biofuel rely through microbial catalysis. Extremophiles are a robust group of organisms producing stable enzymes, which are often capable of tolerating changes in the environmental conditions. The potential application of such organisms and their enzymes in biotechnology is enormous as it is more costeffective and has gained great momentum over the last several years.
The use of extremophiles in biofuel production has become apparent that the majority are of 'thermophilic' source. To date, thermophiles like caldicellulosiruptor saccharolyticus have found their way in to large scale in the field of biotechnology in terms of biofuel production. This is not surprising since thermophiles have a remarkable ability to tolerate fluctuations in P H , temperature and environmental changes 24 , an attribute which offers a clear advantage In the development of a commercially viable process 25 . Thermophiles readily ferment pentose and hexose sugars from biomass and in some cases even structurally complex carbohydrates, a quality which is particularly important for production of second generation biofuels 26 . (Table 2 ) Furthermore thermophilic industrial applications are less prone to microbial contamination and require lower energy inputs as a result of the reduced cooling steps needed between the fermentation steps with the removal of any volatile products, which in turn minimizes the problem of product inhibition. Hence a lot of dominance of thermophiles.
CONCLUSION
Economically, biofuels will not be able to replace the demand for fossil fuels unless lignocellulosic biomass and waste water are used in the fermentation process. Extremophiles have an extensive food hold in the market, that is expected to keep growing. However, to fulfill this great potential, innovative methods will have to be developed to overcome current road blocks. The insights in to the biological chemistry of caldicellulosiruptor saccharolyticus to a better way of utilizing the organism in finding the substitutes for fossil fuels, as this organism bears all the hallmarks of being adopted as a 'biofuel producer'. However, for obvious economical reasons, the performance of the organisms needs to be improved, as the day is not too far when microbes could well be the key to powering cars in an environmentally sound way and in the not too distant future we would all be filling up at the pump with microbial-based fuel !
